Background: Despite advancements in the treatment of childhood leukemia, socioeconomic status (SES) may potentially affect disease prognosis. This study aims to evaluate whether SES is associated with survival from childhood leukemia.
introduction Impressive advancements in childhood leukemia treatment entail cure rates reaching 90% for acute lymphoblastic leukemia (ALL) and 60%-70% for acute myeloblastic leukemia (AML), especially when implementation and adherence is optimal [1, 2] . Indeed, studies have reported marked disparities in the survival of children living in high-versus low-income countries [3] , as well as among different ethnic or racial groups in both ALL [4] and AML [5] ; therefore, concerns regarding the potentially detrimental impact of socioeconomic status (SES) in delivery of treatment and eventual survival have been raised. Specifically, low SES has been linked with poor adherence [6] , refusal or abandonment of treatment [7] , modified attitude by health care providers [8] , economic barriers related to lack of adequate health insurance [9] , inadequate access to clinical trials [9] or to quality health care in general [4] .
Valid assessment of SES is challenging, since it has been described as a composite measure that integrates economic, social and work status; all three are interrelated but not obligatorily overlapping axes measured by income, education and occupation [10] . The level of SES data availability is also variable. Some investigators have used composite deprivation indices based on area of residence (area-based deprivation indices) [11] , whereas others rely on individual characteristics (individual-based deprivation indices) [12] . Although area remoteness and rural/urban status represent spatial parameters, they are sometimes associated with lower SES [13] . A recent systematic review linked lower SES with poorer survival from childhood cancer as a whole, with no quantitative approach [14] . Although concerns have been raised for the possibility to perform a meta-analysis given the anticipated heterogeneity in settings and SES measures [14] , a quantitative synthesis can provide risk estimates that have previously been only vaguely described.
Therefore, this study aimed to assess the effect of SES (in terms of alternative indices) upon survival from childhood leukemia, by major disease subtype, providing a global approach in the context of a meta-analysis; in addition to published studies, primary data from the National Cancer Institute (NCI) Surveillance, Epidemiology and End Results Program (SEER) 1973-2010 and the Nationwide Registry for Childhood Hematological Malignancies (NARECHEM) in Greece were analyzed and also contributed to this synthesis.
materials and methods

meta-analysis: search strategy and data extraction
Details regarding the analysis search strategy, data abstraction and handling of SEER data are presented as supplementary Methods, available at Annals of Oncology online. Eligible studies were sought in PubMed without any restriction of publication language and 31 March 2014 as end-of-search date.
meta-analysis: statistical analysis
Statistical analyses included pooling of studies, separately by SES index, type of leukemia (ALL, AML, 'any' leukemia) and overall survival (OS), as the main outcome measure. OS is highly informative for childhood leukemia, as there are few competing causes of death in this age group; event-free survival (EFS) and postrelapse survival (PRS) were also explored, as secondary outcomes.
Further details regarding the statistical analysis, evaluation of risk of bias and meta-regression analysis are provided as supplementary Methods, available at Annals of Oncology online.
For all meta-analyses, STATA version 11.1 (Stata Corp., College Station, TX) was used and a P value <0.05 was considered statistically significant.
results
selection and description of included studies
The successive steps during the selection of eligible studies are presented as a flow chart in Figure 1 , whereas details regarding the selection of studies, exclusions of duplicate cases, data abstraction and reference list for eligible studies are presented in the supplementary Results, available at Annals of Oncology online. Altogether 29 studies were included through the search algorithm, the subsequent snowball procedure and the SEER results, yielding 28 804 cases of ALL, 3208 cases of AML and 'any' 27 650 cases out of the total 2937 studies screened. The main characteristics of the included studies are presented in Table 1 with further details in supplementary Table S1 , available at Annals of Oncology online. The majority of studies reported data on the main outcome of interest, namely OS, whereas five studies reported only EFS and one study only PRS. We had extensive coverage of North America, UK and Australia but fewer studies from Continental Europe. Central and South America were represented by El Salvador and Brazil, while only China provided data from Asia. No single study was published from the African continent.
SES and survival from childhood leukemia: overview 
survival: all studies
Compared with the highest category, the lowest parental occupation categories predicted poorer OS [ pooled effect estimate: 1.58, 95% confidence interval (CI) 1.31-1.91]; similarly, the children with lower SES suffered from nearly twofold higher death rates ( pooled effect estimate: 1.83, 95% CI 1.00-3.34, Figure 2A ). On the contrary, pooling of the three studies reporting on parental education showed no statistically significant association.
With respect to area-based SES indices, all four (education, families below poverty, unemployment and household income) alternative analyses showed a significant association between area deprivation and lower OS, with pooled effect estimates ranging between 1.17 and 1.33 ( Figure 2B ).
The subgroup analysis on composite deprivation indices (coincided with the subgroup of non-US studies in Figure 2B ) showed in conventional terms no statistically significant association between low-SES areas and poorer OS ( pooled effect estimate: 1.09, 95% CI 0.99-1.20, P = 0.08). Subgroup analyses by type of effect measure tended to replicate the overall findings upon the studies providing hazard ratios (HRs) (supplementary Table S2 , available at Annals of Oncology online).
Remoteness indices were not associated with OS from ALL, either when the former were expressed as rural/urban status ( pooled effect estimate: 1.04, 95% CI 0.89-1.23) or distance from treatment/health services.
Data on EFS were extremely scarce, resulting in nonsignificant associations, except for poorer EFS observed among children of parents with lower educational level ( pooled effect estimate: 1.27, 95% CI 1.02-1.58). Supplementary Figures S1-S8, available at Annals of Oncology online, graphically present the aforementioned associations pertaining to OS and EFS from ALL, respectively. Abstracts identified and screened 2937
"Snowball" procedure 15 
quality of included studies, meta-regression analysis
The ratings regarding the quality of the included studies according to the Newcastle-Ottawa Quality scale are presented in supplementary Table S6 , available at Annals of Oncology online. The evaluation of publication bias and meta-regression were carried out in the analyses with 10 or more study arms, namely the four analyses pertaining to area-based SES indices in OS from ALL; publication bias was significant in all of them (P = 0.004, P = 0.009, P = 0.07 when SEER was treated as per county families below poverty, unemployment rate and household income, respectively), except for the analysis treating SEER as per county education (P = 0.17). Meta-regression analysis with year of leukemia diagnosis revealed a widening gap in survival over time between children with higher and lower SES [exponentiated coefficient (EC) 1.16, 95% CI 1.07-1.26 per 10-year increments, P = 0.002] for the analysis, treating SEER as per county education. No other modifying effects were, however, shown in the analyses treating SEER as per county families below poverty, unemployment rate and household income (P = 0.16, P = 0.18, P = 0.24, respectively).
The gap between children with higher and lower SES seemed more pronounced in the United States in all the aforementioned meta-regression analyses, ranging between 20% and 82% higher relative risks (RRs) for death in the US versus the non-US countries (EC per county education = 1.34, 95% CI 1.06-1.71, P = 0.02; EC per county families below poverty = 1.82, 95% CI 1.36-2.44, P = 0.001; EC per county unemployment rate = 1.47, 95% CI 1.11-1.95, P = 0.01; and a marginal finding for EC per county household income = 1.20, 95% CI 0.98-1.48, P = 0.07).
discussion
Our meta-analysis emphasizes the substantial and widening disparities in survival from childhood leukemia afflicting children born in lower SES families. These disparities apply to both ALL and AML, being reproducible upon the majority of alternative SES indices examined. The survival difference between more children with higher and lower SES seemed considerably more persisting in the United States compared with the rest of world from which data were available. Rural place of residence and area remoteness did not exert sizeable effects in the context of the modernized countries, probably due to the dense network of transport infrastructures.
SES is a challenging issue at the meta-analytical level. The published studies have used a variety of SES axes, pertaining either to the level of the individual or to the area of residence; nevertheless, most unfavorable effects of lower SES seemed reproducible at both levels. The majority of ALL and AML data stemmed from area-based indices. In both conditions, less favorable area-based SES indices were associated with a 17%-33% increase in death rates. Data regarding individual-based indices were considerably scarcer but more specific and associated with larger effect sizes; notably, death rates increased by 51% with low-level parental occupation and up to 83% when composite individual SES indices were used. As expected, individual-based measures rather than area-based measures reflect more closely the microenvironment of the family that determines disease outcome.
The survival gap between children with higher and lower SES was wider in the United States than elsewhere in the world from which data were available with considerably (by 20%-82%) increased RRs for death from ALL in the former. This may be inscribed in the context of problematic cancer care delivery to the less privileged, that the current Health Reforms recognized and aimed to improve [15, 16] . Adding to the concern, a widening gap over time was observed in one of the four conducted meta-regression analyses, namely the one treating SEER as per county education; nevertheless, visual inspection of the respective forest plot shows that this finding seemed mostly due to the SEER data coming from the United States. The synthesis of studies spanned a period longer than 40 years; advances in leukemia treatment over this period of time have been noted (from a universally fatal condition to the majority of children surviving at 5 years). However, the pattern that became evident through meta-regression analysis, underlines the need for improvement in health systems and policies, envisaging a more hopeful future, where survival rates for lower SES children will converge to those of more privileged ones. Raising awareness among health care providers on the demanding needs of underprivileged families who are charged with the care of their leukemia afflicted children could be a short-term goal.
Careful inspection of the subgroup analyses by type of effect size reveals that the statistically significant associations were reproducible upon the studies providing HRs; the latter originated from Cox regression analyses, adjusting for various sets of confounders. On the other hand, the subgroup of studies providing unadjusted RR measures derived from 2 × 2 contingency tables, did not reveal statistically significant correlations, as a rule; the fact that adjusted effect estimates accounted for the overall observed findings may therefore seem worth noting. Reproducibility of the results in analyses using alternative SES indices supports the validity of the association between lower SES and poorer survival from childhood leukemia. Various mechanisms may explain the observed link, as low SES may signal poor adherence or even abandonment of treatment [7] , inadequate health insurance [9] , restricted access to quality health care [4] and to ongoing clinical trials [9] . Moreover, indirect effects related to ethnic minority status, education in relation to understanding of and engagement in healthcare may not be precluded.
Despite the size of this meta-analysis, a variety of limitations should be considered and declared. Scarcity of published data did not allow elucidation of family-related SES parameters, which adversely affect survival, such as single-parenthood family milieu, but are more readily amenable to corrective social measures. Likewise, data for separate examination of maternal or paternal effects at the level of individual-based indices was not available; future studies reporting on more elaborate SESrelated indices would be welcome for future meta-analyses. An inherent limitation of constituent studies included in the current meta-analysis was the variable reporting on the exposure categories of interest; hence, the employed 'lowest' versus 'highest' comparison approach, although conceptually and statistically valid, could not always denote the same incremental difference between the examined and reference categories, whereas information pertaining to the various middle SES categories (lower middle; higher middle, when available) was inherently discarded by this approach. Notably, sensitivity analysis along the different 'lowest' versus 'highest' categories was not feasible in light of the small number of study arms per SES index. Concerns have been raised for the possibility to perform a metaanalysis on the field given the anticipated heterogeneity in settings, SES measures, national standards and health care policies [14] ; nevertheless, apart from the pooled effect sizes, the present study provided a quantitative approach to heterogeneity per se, performing the appropriate statistical tests for the quantification 
